Conclusions. The following conclusions were drawn: 1) BSPM using QRS analysis accurately predicts the ventricular insertion site of accessory AV connections in the presence of a delta wave in the electrocardiogram; 2) the ventricular insertion sites of accessory AV connections determined by BSPM and by EPS at surgery were identical or within one mapping site (1.5 cm or less) in all but four of 18 cases; three of the four exceptions had more than one accessory AV connection, and the other had a very broad ventricular insertion; 3) BSPM and EPS locations of the accessory AV connections correlated very well in the 34 cases despite the fact that BSPM determines the ventricular insertion site and EPS determines the atrial insertion site of the accessory AV connection; 4) as suggested by the three cases of multiple accessory AV connections, EPS and BSPM may be complementary since BSPM identified one pathway and EPS identified the other (in the case with a broad ventricular insertion, BSPM and EPS demonstrated different portions of that insertion); 5) BSPM using ST-T analysis is very much less accurate in predicting the ventricular insertion site of accessory AV connections unless there is marked preexcitation; 6) standard electrocardiography using the Gallagher grid methodology (but with no attempt at stimulating maximal preexcitation) was not as accurate as QRS analysis of BSPM in predicting the ventricular insertion site of the accessory AV connection; however, exact comparison is hampered by the different number and size of the Gallagher and Guiraudon insertion sites; 7) BSPM using QRS analysis appears to be very accurate in predicting right ventricular versus left ventricular posteroseptal accessory AV connections; 8) typical epicardial right ventricular breakthrough, indicative of conduction via the specialized AV conduction system, occurs in all patients with left ventricular free wall accessory AV connections; 9) epicardial right ventricular breakthrough was not observed in cases with right ventricular free wall or anteroseptal accessory AV connections; 10) epicardial right ventricular breakthrough can occur in the presence of posteroseptal accessory AV connections, whether right or left ventricular; and 11) the delay in epicardial right ventricular breakthrough in cases with left ventricular insertion may provide a marker to estimate the degree of ventricular preexcitation. (Circulation 1991;83:886-901) From the
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Liebman et al BSPM in Patients With WPW 887
As summarized recently,1 identification and localization of accessory atrioventricular (AV) connections in patients with Wolff-Parkinson-White (WPW) syndrome may be useful or even necessary for any number of reasons. This is particularly true for patients being considered for surgical or catheter ablation of their accessory AV connection(s). A reliable, noninvasive procedure to determine the number and location of accessory AV connections in patients with WPW syndrome would be quite useful and would add an important diagnostic tool to the clinical armamentarium. Several techniques, but primarily the standard 12-lead electrocardiogram (ECG),2 have been used for this purpose. All have recognized limitations. We present data showing that body surface potential mapping (BSPM) provides clinically useful information in these patients and expands our knowledge of the electrophysiology of WPW syndrome.
Methods
The study population consisted of 34 patients with WPW syndrome (Table 1 ). All were being evaluated for diagnosis and treatment of associated cardiac arrhythmias. In 18 of the 34, surgery to interrupt an accessory AV connection(s) was performed. The average age of the 34 patients was 35 (range 12-59) years (Table 2) .
All patients had BSPM performed during sinus rhythm using 180 dry electrodes enclosed in varioussized vests, with printout of the BSPM using a calibrated color display as previously described.3-8 The anatomical grid described by Guiraudon et al,9-13 in which each letter position is approximately 1.5 cm (or less) from its neighboring position on the ventricular epicardium (Figure 1 ), was adapted and used to identify the sites of earliest ectopic ventricular activation during spontaneous sinus rhythm. Prediction of the site or sites of ventricular insertion was attempted with BSPM using both QRS and ST-T potential mapping.
Using QRS potential mapping, determination of the site of earliest ventricular activation and, therefore, the ventricular insertion of the accessory AV connection was based on the distribution of these potentials during the delta wave, as previously described by De Ambroggi et al'4 and others'5-17 and as explicitly detailed by Benson et al '8-20 (Figure 2 ). We also used the recent data of Kamakura et a121 who state that the location of the ventricular insertion of the accessory AV connection is well judged at the time the amplitude of the negative body surface potential is -150 ,uV. However, it is important to examine in detail not only those negative potentials but also the positive potentials. In this way the interpreter can judge the position of the accessory AV connection aided by knowing the position from which the activation wave in the ventricle is "moving away." As the activation wave front through the accessory AV connection reaches the ventricle, it excites it, causing an activation front in the ventricle more slowly than if the Purkinje tissue were utilized. As this activation front moves away, it results in distinct negative and positive potentials, with the positive potential forming the leading edge of the wave of activation as it leaves the initially excited area. This allows a judgment of the direction in which this activation front is slowly moving away from the initially excited area and facilitates the determination of the location of that initially excited area. The physiologic and pathophysiologic bases for this noninvasive methodology have been described by Spach et a122 as well as by Oguri et al. 23, 24 The method of Benson et al, [18] [19] [20] in which the positive and negative ST-T potentials are examined 40 msec after the onset of the ST-T potential, was also used to identify the site of ventricular insertion of the accessory AV connections. The method of Benson et al18 (using either QRS or ST-T analysis) is best understood by examining Figure 2 ( 17 Guiraudon positions.
The accessory AV connection positions as determined from BSPM were compared retrospectively with the accessory AV connection positions as judged independently using 1) the standard 12-lead ECG method of Gallagher et al, 2 2) mapping during electrophysiologic study (EPS) at cardiac catheterization, and 3) mapping during EPS during cardiac surgery. The Gallagher method2 uses a grid that identifies 10 positions on the ventricular epicardium ( Figure 3 ) and bases its analysis on the first 40 msec (i.e., the delta wave) of the QRS complex using each lead of the standard 12-lead ECG (Figure 4 ). Figure 5  represents During EPS, at cardiac catheterization, mapping was performed during orthodromic AV reciprocating tachycardia (AVRT), thereby identifying the atrial insertion site of the accessory AV connection. When orthodromic AVRT was not sustained, mapping was performed during either ventricular pacing of sinus rhythm to establish early ectopic atrial activation (in seven of the 34 patients) or during atrial pacing to identify the shortest stimulus-to-delta wave interval and the maximal possible ventricular preexcitation (in four of the 34 patients). In 13 of the 34 patients, the site of earliest retrograde atrial activation was successfully bracketed (six left-sided, six right posteroseptal, and one right anterolateral). Since the Gallagher and Guiraudon grids identify the ventricular insertion site and EPS identifies the atrial insertion site of the accessory AV connection, for purposes of this study it was assumed that the atrial insertion site found at EPS was immediately above the ventricular insertion site. The limitations of this assumption are appreciated.
Intraoperative EPS maps included identifying the earliest atrial activation during either orthodromic AVRT (in 12 of the 18 surgical cases) or ventricular The time of ventricular activation of the 34 patients is detailed in Table 1 . The ventricular insertion sites of the accessory AV connections as predicted with BSPM using QRS analysis and ST-T analysis, EPS mapping at catheterization, and EPS mapping at surgery are listed in Table 2 . Table 3 lists the locations of the accessory AV connections as predicted with QRS analysis of BSPM along with various body surface potential parameters, including evidence for epicardial RVBT.
The time during the delta wave when the negative potential of the 34 patients had reached -150 ,uV (Table  1) . However, in six patients the positions of the positive and negative potentials had not stabilized until the negative potential was greater than -150 1V. In two of these six patients the negative potential had reached -150 ,uV at 0-2 and 2-4 msec although stabilization did not occur until 10-12 msec. It is possible that atrial repolarization was distorting the QRS depolarization at those early times. One negative potential was as high as -224 to -248 ,V, but it occurred early, at 10-12 msec. In three of these patients the positive and negative potentials stabilized at a negative potential less than -150 ,uV. One was as low as -66 to -124 uV at 8-10 msec (see .
Using QRS analysis of BSPM, in 19 of the 34 patients a single letter position of the 17-site Guiraudon grid could be determined. In the other 15 patients, the ventricular insertion site of the accessory AV connection was judged to be slightly broader (two letter positions) ( Table 2) .
EPS mapping at surgery in 18 patients demonstrated that three (cases 3, 12, and 16) oseptal, was the determination as to whether it was right posteroseptal (site H) or left posteroseptal (site Q). In the three cases with two separate accessory AV connections, BSPM predicted one and EPS at catheterization predicted another. In the one case with an apparently very broad ventricular insertion, BSPM predicted it at one end, whereas EPS at catheterization predicted it over a broad area near the center. Identification of the position of the ventricular insertion of the accessory AV connection using ST-T analysis of BSPM was much less accurate. In only five of the 14 cases with one accessory AV connection clearly identified at surgery (cases 6, 8, 12, 13, and 14) did the ST-T at 40 msec predict the tract's location within one letter position ( Table 2 ). In one of these five cases (case 12) there was evidence for epicardial RVBT and the time of the breakthrough was very late (78 msec), indicating that conduction through the AV node and thus the Purkinje system began well after conduction through the accessory AV connection. Considerable ventricular preexcitation is thus indicated. Among the 16 nonsurgical cases, the location of the accessory AV connection as judged using ST-T analysis of BSPM was within one letter position of that predicted using QRS analysis in eight (22, 23, 24, 26, 28, 29, 30 , and 34). In five of the eight there was evidence for epicardial RVBT, and in two the breakthrough was very late, at 72 and 78 msec.
Twelve-lead ECG using the Gallagher grid methodology was not as accurate as QRS analysis of BSPM ( 4.
-I ) one Guiraudon letter position away in four (cases 3, 5, 10, and 16). Among the 16 nonsurgical cases, location of the accessory AV connection by ECG in patients 27, 30, 32, and 33 was more than one Guiraudon letter position away. In cases 5 and 27 ECG was unable to predict a position.
In Figure 5 , the Guiraudon and Gallagher grids are superimposed. This, together with an examination of Table 2 , permits analysis of the greater predictive ability of the BSPM methodology.
Epicardial Right Ventricular Breakthrough
Using QRS analysis of BSPM, in 10 of the 18 surgical cases (Table 3) there was clear evidence for epicardial RVBT. In all but two of these 10 cases, the time of the breakthrough was significantly later than the average normal RVBT of approximately 30 msec. In nine of the 10 cases, the accessory AV connection inserted into the left ventricle, the exception being one that inserted into the posteroseptal right ventricle. In the six surgical cases with no evidence for epicardial RVBT, the accessory AV connection was into the right ventricle in all six.
In 10 of the 16 nonsurgical cases (Table 3) there was clear evidence for epicardial RVBT, and in all but one the time of the breakthrough was significantly later than normal. In five of these 10 cases, the insertion of the accessory AV connection was into the free wall of the left ventricle; three others had insertions into the posteroseptal right ventricle and two into the posteroseptal left ventricle. In the six nonsurgical cases with no evidence for epicardial RVBT, two insertions were into the free wall of the right ventricle, one was into the anteroseptal right ventricle, one was into the posteroseptal right ventricle, and two were into the posteroseptal left ventricle.
In summary, of the 34 cases, there was evidence for epicardial RVBT in 20. In 14 of the 34 cases the accessory AV connection was into the free wall of the left ventricle and in all 14 BSPMs exhibited clear evidence for RVBT. In nine of the 34 cases the accessory AV connection was into the free wall of the right ventricle or the anteroseptal right ventricle, and in none of these nine was there evidence for epicardial RVBT. In five cases the accessory AV connection was into the posteroseptal left ventricle, with two of the five demonstrating RVBT. In six of the 34 cases the accessory AV connection was into the posteroseptal right ventricle, and in four of these six there was evidence for epicardial RVBT.
In the 20 cases with evidence for epicardial RVBT, the average time for breakthrough was 53.4+18.3 msec compared with the average normal for adults of 30 msec. There were eight cases in whom RVBT occurred earlier than 50 msec, and in these cases the average QRS duration was 90.5 msec. There were seven cases in whom epicardial RVBT occurred later than 60 msec, and in these cases the QRS duration averaged 116.6 msec.
The following are examples from the BSPMs that demonstrate some of the findings described above. Figure 7 , top is the BSPM of a 34-year-old man, case 9. The negative and positive potentials are similar to those of Figure 6 , top. In Figure 7 , center, beginning at 38 msec, magnitude of the peak negative potential is greater than -150 ,uV. These negative potentials, with the associated positive potentials, are typical of an anterolateral right ventricular position of the accessory AV connection, Guiraudon position CD. Compared with Guiraudon position AB, which might have been suggested in Figure 7 , top, from 26 to 36 msec, the maximum positive potential is much more superior. In Figure 7 msec, when the peak negative magnitude is -124 gV, and at 22 msec, when the peak negative magnitude is -166 gV, the minimum is to the right. Therefore, the BSPM interpretation is that the ventricular insertion is in the posteroseptal right ventricle, Guiraudon position H, which was found at surgery. In Figure 8 , bottom, a right anterior superior depression in the positive potential begins at 52 msec and develops into a definite notch in succeeding frames. Into this notch a pseudopod of negative potential develops. These are the characteristic findings of epicardial RVBT.3A4,27 Figure 9 is the BSPM of a 32-year-old woman, case 3 . and provides an example of an accessory AV connection into the posterior left ventricle, Guiraudon position P. The peak negative potential at 8 msec is -138 uV and that at 10 msec is -176 gV, but the positions of the positive and negative potentials do not stabilize until 12 msec (also -176 g£V). At this time the negative potentials are posterior with the peak to the right posterior, extending inferior. The positive potentials are anterior, especially left and more superior. At EPS during catheterization, an entirely different area was found, near Gallagher position 9, estimated as being near Guiraudon position K ( Figure 5 ) at the anterior left ventricle. At surgery both ventricular insertion areas, Guiraudon positions P and K, were found to be present and were surgically ablated. On electrophysiologic study at catheterization, position K was found in anterior left ventricle; both P and K werefound at surgery. Calibration is from -750 to + 750 ,tV Figure 10 , top is the BSPM of a 16-year-old girl, case 2, with a characteristic BSPM for an accessory AV connection inserting into the left ventricle at the left lateral position. The peak negative at 14 msec is over the spine, and the positive potentials are anterior left, extending right. This was considered to indicate Guiraudon position M. At EPS during catheterization the location was judged to be at the left ventricular free wall, and it was not possible to be more specific. At surgery, the ventricular insertion was found to be at Guiraudon position N, slightly posterior to the lateral. In Figure 10 , center, clear evidence for epicardial RVBT at a relatively early time is demonstrated. At 46 msec, a very small circular area of reduced positive potentials develops in the right anterior superior portion of the intensely positive area. This quickly develops in the next frames into a clear circular region of negative potentials. In Figure 10 , bottom, there is a strikingly rapid change in the potentials between 62 and 68 msec. At 64 msec there is the sudden development of an anterior superior "hole" in the negative area. This is quickly followed by a strong anterior superior positivity as strong negative potentials extend between the rapidly diminishing inferior left positivity and the anterior superior positivity. This is believed likely to have resulted from activation via the specialized AV conduction system,3,426 but of course, this hypothesis cannot be proven at this time. That the ST-T potentials of BSPM predicted an incorrect area of ventricular insertion is not surprising considering the complexity of ventricular activation, and thus repolarization, when maximal preexcitation is not present. Figure 11 is the BSPM of a 54-year-old man, case 7, and demonstrates an anterior left ventricular insertion of the accessory AV connection (Guiraudon position JK). AV connection that inserts into the right ventricle, the sequence of activation of the right ventricle is abnormal. In addition, the right ventricle is not activated in the usual way by the specialized AV conduction system. On the other hand, when there is an accessory AV connection that inserts into the left ventricle, some or all of the right ventricular activation is normal, occurring via the specialized AV conduction addition, in the cases in whom the accessory AV connection inserts into the left ventricle, the delay in RVBT seems likely to be related to 
